In the title salt, C 14 H 18 N 2 2+ Á2C 9 H 5 N 4 O À , the 1,1 0 -diethyl-4,4 0 -bipyridine-1,1 0 -diium dication lies across a centre of inversion in the space group P2 1 /c. In the 1,1,3,3-tetracyano-2-ethoxypropenide anion, the two independent -C(CN) 2 units are rotated, in conrotatory fashion, out of the plane of the central propenide unit, making dihedral angles with the central unit of 16.0 (2) and 23.0 (2) . The ionic components are linked by C-HÁ Á ÁN hydrogen bonds to form a complex sheet structure, within which each cation acts as a sixfold donor of hydrogen bonds and each anion acts as a threefold acceptor of hydrogen bonds. 
Introduction
Polynitrile anions have recently received considerable attention in the fields of coordination chemistry and molecular materials (Benmansour et al., 2010) . These organic anions are of interest for their ability to adopt various coordination modes with metal centres and for their high degree of electronic delocalization (Thé tiot et al., 2003; Benmansour et al., 2007 Benmansour et al., , 2009 Atmani et al., 2008; Setifi et al., 2007 Setifi et al., , 2009 Setifi et al., , 2010 . We are interested in using these anionic ligands in combination with other neutral bridging co-ligands to explore their structural features and properties relevant to the field of molecular materials exhibiting the spin crossover (SCO) phenomenon (Dupouy et al., 2008 . In an attempt to prepare an iron(II) complex of this type using hydrothermal synthesis, the unexpected title salt, 1,1 0 -diethyl-4,4 0 -bipyridine-1,1 0 -diium bis(1,1,3,3-tetracyano-2-ethoxypropenide), (I) (Fig. 1) , has been obtained and its structure is reported here.
Experimental

Synthesis and crystallization
The salt K(tcnoet) was prepared according to the published method of Middleton et al. (1958) . The title compound, (I), was synthesized hydrothermally from a mixture of iron(II) sulfate heptahydrate (56 mg, 0.2 mmol), 4,4 0 -bipyridine (16 mg, 0.1 mmol) and K(tcnoet) (90 mg, 0.4 mmol) in waterethanol (4:1 v/v, 15 ml). The mixture was transferred to a Teflon-lined autoclave and heated at 393 K for 2 d. The autoclave was then allowed to cool to ambient temperature. Pale-yellow crystals of (I) were collected by filtration, washed with water and dried in air (yield 65%).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in difference maps and then treated as riding atoms in geometrically idealized positions, with C-H = 0.95 (aromatic), 0.98 (CH 3 ) or 0.99 Å (CH 2 ) and with U iso (H) = kU eq (C), where k = 1.5 for methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other H atoms.
Results and discussion
The title salt consists of 1,1 0 -diethyl-4,4-bipyridine-1,1 0 -diium dications lying across centres of inversion in the space group P2 1 /c and 1,1,3,3-tetracyano-2-ethoxypropenide (tcnoet) anions occupying general positions; the reference cation was selected as that lying across ( 1 2 , 1 the 4,4 0 -bipyridine starting material on the 1,1,3,3-tetracyano-2-ethoxypropenide anion, with transfer of ethyl groups from oxygen to nitrogen.
The two pyridine rings in the cation are constrained to be parallel but, in the anion, the two independent -C(CN) 2 units are rotated, in conrotatory fashion, out of the plane of the central propenide unit. The dihedral angles between the central C 3 unit and the -C(CN) 2 units containing atoms C11 and C13 are 16.0 (2) and 23.0 (2) , respectively; these values, and the sense of the rotations, are typical of those observed in other systems containing this anion (Setifi et al., 2013 (Setifi et al., , 2014 . Within the anion, the two central C-C distances (Table 2) are very similar, while the four independent C-N distances are all the same within experimental uncertainty, and they are long for their type [mean value (Allen et al., 1987) (Allen et al., 1987) = 1.427 Å , lower quartile value = 1.420 Å ], consistent with extensive delocalization of the negative charge, as discussed recently (Setifi et al., 2014) .
Three independent hydrogen bonds, all of the C-HÁ Á ÁN type, are present in the structure (Table 3) ; the components of the asymmetric unit were selected so that the most nearly linear of the hydrogen bonds falls within the selected asymmetric unit. The hydrogen bond involving atom C2 has a C- Table 2 Selected geometric parameters (Å , ).
Figure 1 The ionic components of compound (I), showing the atom-labelling scheme and the C-HÁ Á ÁN hydrogen bond within the selected asymmetric unit. Displacement ellipsoids are drawn at the 30% probability level and the atoms marked 'a' are at the symmetry position (Àx + 1, Ày + 1, Àz). (cf. Wood et al., 2009) , but this interaction is nonetheless regarded as structurally significant since it is a charge-assisted hydrogen bond (Gilli et al., 1994) between a donor which is a component of a dication and an acceptor which is a component of an anion. Moreover, the donor atom concerned, C2, is immediately adjacent to the quaternary N atom, while there is delocalization of the negative charge of the anion onto the terminal N atoms, as noted above.
Because of the inversion symmetry of the cation, this ion acts as a sixfold donor of hydrogen bonds, such that the reference cation centred across ( , so generating a form of 6:3 coordination, albeit only in two dimensions, as discussed below. Atom N111 is the only N atom in the anion not to participate in the hydrogen bonding; the shortest intermolecular NÁ Á ÁH distance involving atom N111 is 2.90 Å , to atom H8A at (x, Ày + 1 2 , z + 1 2 ), far too long to be structurally significant. Despite the large number of hydrogen bonds formed by the cation, the supramolecular assembly is only two-dimensional, in the form of a sheet lying parallel to (100). However, the sheet is of considerable complexity, and the supramolecular assembly can most readily be analysed in terms of the three substructures (Ferguson et al., 1998a,b; Gregson et al., 2000) which are formed by the three different combinations of just two of the three hydrogen bonds.
The simplest of the three substructures involves atoms C2 and C6 as the hydrogen-bond donors. Here, the cations centred at ( , and propagation by inversion of these two interactions leads to the formation of a C 2 2 (15) (Bernstein et al., 1995) chain running parallel to the [011] direction (Fig. 2) . A more complex but still one-dimensional substructure is generated by the two hydrogen bonds having atoms C5 and C6 as the donors, producing a chain of centrosymmetric R (Fig. 3) . The final possible combination of two hydrogen bonds involves atoms C2 and C5 as the donors, thus excluding the hydrogen bond within the selected asymmetric unit. This combination generates a two-dimensional substructure in the form of a sheet lying parallel to (100) (Fig. 4) , but this, of course, does not represent the full complexity of the overall supramolecular assembly, as it does not include all of the possible hydrogen bonds. The full complexity of the sheet results from the combination of all three substructural motifs.
The supramolecular assembly of salt (I) may be compared with that of the somewhat similar salt (II) (Androš et al., 2011) , as salts (I) and (II) show some interesting similarities as well as differences (see Scheme). In salt (II), as in salt (I), the cation lies across a centre of inversion, although here in the space Table 3 Hydrogen-bond geometry (Å , ). A stereoview of part of the crystal structure of compound (I), showing the formation of a two-dimensional substructure in the form of a sheet parallel to (100) formed using only atoms C2 and C5 as the hydrogenbond donors. For the sake of clarity, H atoms not involved in the motif shown have been omitted. group P1 rather than P2 1 /c, and the mono-negative anion occupies a general position; the cation in (II) acts as a sixfold donor of hydrogen bonds, while the anion contains four potential hydrogen-bond acceptors. However, whereas the cation in salt (I) only forms C-HÁ Á ÁN hydrogen bonds, that in (II) forms both N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds; in addition, the anion, as well as containing an intra-anion O-HÁ Á ÁO hydrogen bond, can also acts as a donor in inter-ion hydrogen bonds. Accordingly, the supramolecular assembly in (II) is different from that in (I), and indeed it is rather simpler; an important building block in the supramolecular assembly of compound (II) is a centrosymmetric hydrogen-bonded dimer containing two anions, in which an overall R 2 2 (10) motif is subdivided into a central R 1′-Diethyl-4,4′-bipyridine-1,1′-diium bis(1,1,3,3-tetracyano-2- 
